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@ A flotation process for the formation of metal matrix composite bodies. 



@ The present invention relates to a novel method 
for forming metal matrix composite bodies. ParGcu- 
larly, a permeable mass of filler material is formed 
into a preform (3). The prefonn material (3) can ttten 
be placed onto the surface of or into a matrix metal 
alloy (4), whereupon the matrix metal alloy (4) spon- 
taneously infiltrates the preform (3). After sut>stantial 
complete infiltration of the preform (3). the preform 
(3) begins to at least partially sink into the matrix 
metal alloy supply. The matrix metai (4) which has 
«>i infiltrated the preform (3) is then allowed to cool, 
^thus forming a metal matrix composite body (6). 
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A FLOTATION PROCESS FOR THE FORMATION OF METAL MATRIX COMPOSITE BODIES 



Reld of the Invention 

The present invention relates to a novel meth- 
od for fonmlng metal matrix composite bodies. Par- 
ticularly, a permeable mass of filler material is 
formed into a preform. The preform material then 
can be placed onto the surface of or into a pool of 
molten matrix metal in the presence of an infiltra- 
tion enhancer, and/or an infiltration enhancer pre- 
cursor and/or an infiltrating atmosphere, at least at 
some point during the process, whereupon molten 
matrix metal spontaneously infiltrates the pr@fbrm. 
During infiltration of the matrix metal into the 
preform, the preform may at least partially sink into 
the pool of matrix metal, thus indicaGng that infiltra- 
tion has occurred. 



Bacl<ground of the Invention 

Composite products comprising a metal mabix 
and a strengthening or reinforcing' phase such as 
ceramic particulates, whiskers, fibers or the like, 
show great promise for a variety of applications 
because they combine some of the stiffness and 
wear resistance of the reinforcing phase with, the 
ductility and toughness of the metal matrix. Gen- 
erally, a metal matrix composite will show an im- 
provement in such properties as strength, stiffness, 
contact wear resistance, and elevated temperature 
strength retention relative to the matrix metal in 
monolithic form, but the degree to which any given 
property may be improved depends largely on the 
specific constituents, their volume or weight frac- 
tion, and how they are processed in forming the 
composite. In some instances, the composite also 
may be lighter in weight than the matrix metal per 
se. Aluminum matrix composites reinforced with 
ceramics such as silicon carbide in particulate, 
platelet, or whisker form, for example, are of inter- 
est because of their higher stiffness, wear resis- 
tance and high temperature strength relative to 
aluminum. 

Various metallurgical processes have been de- 
scribed for the fabrication of aluminum matrix com- 
posites, including methods based on powder metal- 
lurgy techniques and liquid-metal infiltration tech- 
niques which make use of pressure casting, vacu- 
um casting, stining, and wetting agents. With pow- 
der metallurgy techniques, the metal in the form of 
a powder and tiie reinforcing material in the form of 
a . powder, whiskers, chopped fibers, etc., are ad- 
mixed and then eiUief cold^pressed and sintered, 
or hot-pressed. The maximum ceramic volume 
fraction in silicon carbide reinforced aluminum ma- 



ta'ix composites produced by this mettiod has been 
reported to be about 25 volume percent in the case 
of whiskers, and about 40 volume percent in the 
case of particulates. 
6 The production of metal matrix composites by 
powder metallurgy techniques utilizing conventional 
processes imposes certain limitations witii respect 
to the characteristics of the products attainable. 
The volume fraction of Uie ceramic phase in tiie 
10 composite is limited typically, in the case of par- 
ticulates, to about 40 percent. Also, tiie pressing 
operation poses a limit on the practical size attain- 
able. Only relatively simple product shapes are 
possible witiiout subsequent processing (e.g., for- 
ts ming or machining) or witiiout resorting to complex 
presses. Also, nonuniform shrinkage during sinter- 
ing can occur, as well as nonunifbrmity of micro- 
stioicture due to segregation In the compacts and 
grain growth. 

_20 y.S. Paterrt No. 3,970,136, granted July 20, 

1976; to J. C: Canrieil et al., describes a process 
for forming a metal matrix composite incorporating 
a fibrous reinforcement, e.g. silicon carbide or alu- 
mina whiskers, having a predetermined pattern of 

25 fiber orientation. The composite is made by placing 
parallel mats or felts of coplanar fibers in a mold 
witti a reservoir of molten matrix metal, e.g., alu- 
rninum, between at least some of tiie mats, and 
applying pressure to force molten metal to pene- 

90 trate the mats and sumnind tiie oriented fibers. 
Molten metal may be poured onto ttie stack of 
mats while being forced under pressure to flow 
between the mats. Loadings of up to about 50 
percent by volume of reinforcing fibers in the com- 
as posite have been reported. 

The above-described infiltration process. In 
view of its dependence on outside pressure to 
force the molten matrix metal through tiie stack of 
fibrous mats, is subject to the vagaries of pressure- 

40 induced flow processes, i.e., possible non-uniform- 
. ity of matrix fbnnation, porosity, eto. Non-unifonnity 
of properties is possible even tiiough molten metal 
may be inbxiduced at a multiplicity of sites within 
the fibrous array. Consequently, complicated 

45 mat/ireservoir arrays and flow pathways need to be 
provided to achieve adequate and uniform penetra- 
tion of the stack of fiber mats. Also, tiie aforesaid 
pressure-infilta'ation method allows for only a rela- 
tively low reinforcement to matiix volume fraction 

so to be achieved because of the difficulty inherent in 
infilti-ating a large mat volume. Still furtiier, molds 
are required to contain tiie molten metal under 
pressure, which adds to tiie expense of the pro- 
cess. Finally, the aforesaid process, limited to infil- 
tirating aligned particles or fit)ers, is not directed to 
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formation of aluminum metal matrix composites 
reinforced with materials in the form of randomly 
oriented particles, whiskers or fibers. 

in the fabrication of aluminum matrix-alumina 
filled composites, aluminum does not readily wet 5 
alumina, thereby mal<ing it difficult to fbnm a coher- 
ent product. Various solutions to this problem have 
been suggested. One such approach is to coat the 
alumina with a metal (e.g., nickel or tungsten), 
which Is then hot-pressed along with the aluminum. io 
in another technique, the aluminum is alloyed with 
lithium, and the alumina may be coated with silica. 
However, these composites exhibit variations in 
properties, or the coatings can degrade the filler, or 
the matrix contains lithium which can affect the is 
matrix properties. 

U.S. Patent No. 4.232,091 to R. W. Grimshaw 
et al., overcomes certain difficulties in the art which 
are encountered in the production of aluminum 
matrix-alumina composites. This patent descrittes so 
applying pressures of 75-375 kg/cm^ to force mol- 
ten aluminum (or molten alumi num alloy) into a 
fibrous or whisker mat of alumina which has been 
preheated to 700 to_1050*C. The maximum vol- 
ume ratio of alumina to metal in the iisulfirig's6iid"'" 2S ' 
casting was 0.25:1. Because of its dependency on 
outside force to accomplish infiltration, this process 
is subject to many of the same deficiencies as that 
of Cannell et al. 

European Patent Application Publication No. ao 
115,742 describes making aluminum-alumina com- 
posites, especially useful as electrolytic ceil com- 
ponents, by filling the voids of a prefonmed alumina 
matrix with molten aluminum. The application em- 
phasizes the non-wettability of alumina by alumi- ss . 
num, and therefore various techniques are em- 
ployed to wet the alumina throughout the prefonn. 
For example, the alumioa is coated with a wetting 
agent of a diboride of titanium, zirconium, hafnium, 
or niobium, or with a metal, i.e., lithium, magna- to 
slum, calcium, titanium, chromium, iron, cobalt, 
nickel, zirconium, or hafnium. Inert atmospheres, 
such as argon, are employed to facilitate wetting. 
This reference also shows applying pressure to 
cause molten aluminum to penetrate an uncoated 45 
matrix. In this aspect, infiltration is accomplished 
by evacuating the pores and then applying pres- 
sure to the molten aluminum in an inert atmo- 
sphere, e.g.. argon. Alternatively, the preform can 
be infiltrated by vapor-phase aluminum deposition so 
to wet the surface prior to filling tiie voids by 
infiltration with molten aluminum. To assuris reten- 
tion of the aluminum in the pores d the prefbrm, 
heat treatment e.g., at 1400 to 1800* C, in either a 
vacuum or in argon is required, Othenivise, eitiier ss 
exposure of the pressure infiltrated misderiai to gas 
or removal of tiie infiltration pressure will cause 
loss of aluminum from the body. 



The use of wetting agents to effect infiltration 
of an alumina component in an electrolytic cell with 
molten metal is also shown in European Patent 
Application Publication No. 94353. This publication 
describes production of aluminum by electrowin- 
ning witii a cell having a cathodic current feeder as 
a cell liner or substrate. In order to protect this 
substrate from molten cryolite, a thin coating of a 
mixture of a wetting agent and solubility suppressor 
is applied to the alumina substrate prior to start-up 
of the cell or while immersed in the molteri alu- 
minum produced by the electrolytic process. Wet- 
ting agents disclosed are titanium, zirconium, haf- 
nium, silicon, magnesium, vanadium, chromium, 
niobium, or calcium, and titanium is stated as the 
prefen-ed agent Compounds of boron, carijon and 
nitrogen are described as being useful in suppress- 
ing ttie solubility of ttie wetting agents in molten 
aluminum. The reference, however, does not sug- 
gest tiie production of metal matrix composites, nor 
does it suggest the forma tion of such a composite 
in, for example, a nitrogen atmosphere. 

In addition -to application of pressure and wet- 
ting agents, it has been disclosed tiiat an applied 
vacuuin wni aid tiie penetratidn bf molten aiumihuni " 
into a porous ceramk; compact Rmt example, U.S. 
Patent No. 3,718,441, granted Febaiary 27, 1973, 
to R L Landingham, reports infiltration of a ce- 
ramic compact (e.g., boron carbide, alumina and 
beryllia) witti eitiier molten aluminum, beryllium, 
magnesium, titanium, vanadium, nickel or chromi- 
um under a vacuum of less than 10~* torr. A 
vacuum of 10"* to.lO"^ tori" resulted in poor wet- 
ting of the ceramic by the molten metal to the 
extent that tiie metel did not flow freely into ttie 
ceramic void spaces. However, wetting was said to 
have improved when the vacuum was reduced to 
less ttian 10*^ tonr. 

U.S. Patent No. 3,864,154, granted February 4, 
1975, to G. E Gazza et al., also shows tiie use of 
vacuum to achieve infiltration. This patent de- 
scribes loading a cold-pressed compact of AlBis 
powder onto a bed of cold-pressed aluminum pow- 
der. Additional aluminum was then positioned on 
top of the AIB12 powder compact The crucible, 
loaded with tiie AlBiz compact "sandwiched" be- 
tween the layers of aluminum powder, was placed 
in a vacuum furnace. The furnace was evacuated to 
approximately 10~^ ton* to permit outgassing. The 
temperature was subsequentiy raised to IIOO'C 
and maintained for a period of 3 hours. At tiiese 
conditions, the molten aluminum penetrated the 
porous AIB1 2 compact. 

U.S. Patent No. 3,364,976, granted January 23, 
1968 to John N. Reding et al., discloses tiie con- 
cept of creating a self-generated vacuum in a body 
to enhance penetration of a molten metal into tiie~ 
body. Specifically, it is disclosed tiiat a body, e.g.. 
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a graphite mold, a steel mold, or a porous refrac- 
tory material, is entirely submerged in a molten 
metal. In the case of a mold, the mold cavity, which 
is filled with a gas reactive with the metal, commu- 
nicates with the externally located molten metal s 
through at least one orifice In the mold. When the 
mold is immersed into the melt, filling of the cavity 
occurs as the self-generated vacuum is produced 
from the reaction between the gas in the cavity and 
the molten metal. Particularly, the vacuum is a io 
result of the formation of a solid oxidiaed form of 
the metal. Thus, Reding et al. disclose that it is 
essential to induce a reaction between gas in the 
cavity and the molten metal. However, utilizing a 
mold to create a vacuum may be undesirable be- 75 
cause of the inherent limitations associated with 
use of a mold. Holds must first be machined into a 
particular shape; then finished, machined to pro- 
duce an acceptable casting surface on the mold; 
then assembled prior to their use; then disassem- 20 
bled after their use to remove the cast piece there- 
from; and thereafter reclaim the mold, which most 
nicely would include refinishing surfaces of the 
mold- or discarding the .mold^if ,it-Js no longer . - 
acceptable -for use. Machining of a . mold into a 2S . 
complex shape can be very costly and time-con- 
suming. Moreover, removal of a fonned piece from 
a complex-shaped mold can also be difficult 0-e.. 
cast pieces having a complex shape could be 
broten when removed from the mold). Still further, so 
while there is a suggestion that a porous refractory 
material can be immersed directly in a molten 
metal without the need for a mold, the refractory 
material would have to be an integral piece be- 
cause there Is no provision for infiltrating a loose or as 
separated porous material absent the use of a 
container mold Qjd., it is generally believed that the 
particulate material would typically disassociate or 
float apart when placed in a molten metal). Still 
further, if it was desired to infiltrate a particulate 40 
material or loosely formed preform, precautions 
should be taken so that the infiltrating metal does 
not displace at least portions of the particulate or 
preform resulting in a non-homogeneous micro- 
structure. 4S 

Accordingly, there has been a long felt need 
for a simple and reliable process to produce 
shaped metal, matrix composites which does not 
rely upon tiie use of applied pressure or vacuum 
(whether externally applied or internally created), or so 
damaging wetting agents to create a metal matrix 
embedding another material such as a ceramic 
material. Moreover, there has been a long felt need 
to minimize the amount of final machining oper- 
ations needed to produce a metal matrix composite 55 
. body. .'The present invention satisfies these needs 
by providing a spontaneous infiltration mechanism 
for infilbating a material (e.g., a ceramic material), 



which is formed into a preform, with molten matrix 
metal (e.g., aluminum) In the presence of an infil- 
tirating atmosphere (e.g., nitrogen) under normal 
atmospheric pressures so long as an infittration 
enhancer is present at least at some point during 
tiie process. 



Description of Commonly Owned U.S. Patent Ap- 
plications ' ^ 

The subject matter of this application is related 
to tiiat of several otiier copending and co-owned 
patent applications. Particularly, these other copen- 
ding patent applications describe novel methods 
for making metai matrix composite materials 
(hereinafter sometimes refen-ed to as "Commonly 
Owned Metal Matrix Patent Applications"). 

A novel metiiod of making a metal matrix com- 
posite material is disclosed in Commonly Owned 
U.S. Patent Application Serial No. 049.171, filed 
May 13. 1987, in tiie names of White et al., and 
entitied "Metal Mati-ix Composites", now allowed in 
tiie United States. According to ^ niel li bd o fihe — 
VVhite et al, invention, a metal matrix composite is 
produced by infiltrating a permeable mass of tiller 
material (e.g., a ceramic or a ceramic-coated ma- 
terial) with molten aluminum containing at least 
about 1 percent by weight magnesium, and prefer- 
ably at least about 3 percent by weight magne- 
sium. Infiltration occurs spontaneously wittiout tiie 
application of external pressure or vaicuum. A sup- 
ply of tiie molten metal alloy is contacted mtii tiie 
mass of filler material at a temperature of at least 
about 675* C in the presence of a gas comprising 
from about 10 to 100 percent, and preferably at 
least about 50 percent, nib'ogen by volume, and a 
remainder of the gas, if any, being a nonoxidizing 
gas, e.g., argon. Under tiiese conditions, tiie mol- 
ten aluminum alloy infilb-ates the ceramic mass 
under normal atmospheric pressures to form an 
aluminum (or aluminum alloy) matrix composite. 
When tiie desired amount of filler material has 
been infiltrated with tiie molten aluminum alloy, tiie 
ternperature is lowered to solidify the alloy, ttiereby 
forming a solid metal mati-ix structure tiiat embeds 
the reinforcing filler material. Usually, and prefer- 
ably, the supply of molten alloy delivered will be 
sufficient to permit the infiltaration to proceed essen- 
tially to the boundaries of the mass of filler ma- 
terial. The amount of filler material in tiie aluminum 
matrix composites produced according to the 
White et al. inventi'on may be exceedingly high. In 
tiiis respect, filler to alloy volumeti-ic ratios of great- 
er than 1:1 may t>e achieved. 

Under the process conditions in; the-aforesaid 
White et al. invention, aluminum nitride can femi as 
a discontinuous phase dispersed throughout tiie 
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aluminum matrix. Tlie amount of nitride in the 
aluminum matrix may vary depending on such fac- 
tors as temperature, alloy composition, gas com- 
position and filler material. Thus, by controlling one 
or more such factors in the system, it is possible to 5 
tailor certain properties of the composite. For some 
end use applications, however, it may be desirable 
that the composite contain little or substantially no 
aluminum nitride. 

It has been observed that higher temperatures io 
favor infiltration but render the process more con- 
ducive to nitride formation. The Whit© et al. inven- 
tion allows the choice of a balance between infiltra- 
tion kinetics and nitride formation. 

An example of suitable barrier means for use is 
with metal matrix composite formation is described 
in Commonly Owned and Copending U.S. Patent 
Application Serial No. 141,642, filed January 7, 
1988, in the names of Michael K. Aghajanian et al., 
and entitled "Method of Making Metal Matrix Com- 20 
posite with the use of a Barrier". According to the 
method of this Aghajanian et al. Invention a barrier 
means (e.g., particulate titanium diboride or a 
graphite material such as a fl exible graphite tape 
product sold by Union Cartjide" under "tfie '2s 
tradenarhe Qrafoil ) is'dispdsed bri a defined sur^ 
face boundary of a filler material and matrix alloy 
Infiltrates up to the boundary defined by the banier 
means. The bamer means is used to inhibit, pre- 
vent, or tenninate infiltration of the molten alloy, so 
thereby providing net, or near net, shapes In the 
resultant metal matrix composite. Accordingly, the 
formed metai matrix composite bodies have an 
outer shape whteh substantially corresponds to the 
inner shape of the barrier means. 35 

The method of U.S. Patent Application Serial 
No. 049,171 was improved upon by Commonly 
Owned and copending U.S. Patent Applicatton 
Serial No. 168,284, filed March 15, 1988, in the 
names of Michael K. Aghajanian and Marc S. 40 
NewMrk and entitled "Metal Matrix Composites and 
Techniques for Making the Same." In accordance 
with the methods disclosed In this U.S. Patent 
Application, a matrix metal alloy is present as a 
first source of metal and as a reservoir of matrix 45 
metal alloy which communicates with the first 
source of molten metal due to, for example, gravity 
flow. Particulariy, under the conditions described in 
this patent application, the first source of molten 
matrix alloy begins to infiltrate the mass of filler so 
material under normal atmospheric pressures and 
thus begins the formation of a metal matrix com- 
poshe. The first source of molten matrix metal alloy 
is consumed during its infiltration into the mass of 
filter material and, if desired, can be replenished, 55 
preferably by a continuous means, from the reser- 
voir of molten matrix metal as the spontaneous 
infiltration continues. When a desired amount of 



permeable filler has been spontaneously infiltrated 
by the molten matrix alloy, the temperature is 
lowered to solidify the alloy, thereby forming a 
solid metal matrix structure that embeds the re- 
inforcing filler material. It should be understood that 
the use of a reservoir of metai is simply one 
embodiment of the invention descrilaed in this pat- 
ent application and it is not necessary to combine 
the reservoir embodiment with each of the alternate 
embodiments of the invention disclosed therein, 
some of which could also be beneficial to use in 
combination with the present invention. 

The reservoir of metal can be present in an 
amount such that it provides for a sufficient amount 
of metal to infiltrate the permeable mass of filler 
material to a predetermined extent Alternatively, an 
optional banier means can contact the permeable 
mass of filler on at least one side thereof to define 
a surface boundary. 

Moreover, while the supply of molten matrix 
alloy delivered should be at least sufficient to per- 
mit spontaneous infiltration to proceed essentially 
to the boundaries (e.g., baniers) of the permeable 
mass of filler material, the amount of alloy present 
Iri^ flie resewoir could" ex^ "such' "suffiCiSht 
amount so that not only will there be a sufficient 
amount of alloy for complete Infiltration, but excess 
molten metal alloy could remain and be attached to 
the metal matrix composite body. Thus, when ex- 
cess molten alloy is present, the resulting body will 
be a complex composite body (e.g., a macrocom- 
posite), wherein an Infiltrated ceramic body having 
a metal matrix therein will be directly bonded to 
excess metal remaining in the reservoir. 

Each of the above-discussed Commonly Own- 
ed Metai Matrix Patent Applications describes 
methods for the production of metal matrix com- 
posite bodies and novel metal matrix comnposite 
bodies which are produced therefrom. The entire 
disclosures of all of the foregoing Commonly Own- 
ed Metal Matrix Patent Applications are expressly 
incorporated herein by reference. 



Summary of the Invention 

A metal matrtx composite body Is produced by 
infiltrating a permeable' mass of filler material which 
has been fonned into a prefonn. Specifically, a 
matrix metai Is made molten and Is held within an 
appropriate nonreactive vessel for housing matrix 
metal (e.g., a suitable refractory container) forming 
a pool of molten matrix metal. In a first preferred 
embodiment, the preform is placed onto a surface 
of the pool of matrix metal in the presence of an 
infiltrating atmosphere. In addition, a precursor to 
an irrtiifraBbh ehtiancisr arid/orah infilfraiibn enhan- 
cer and/or an infiltrating atmosphere are also In 
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communication with the prefomi, at ieast at some 
point during the process, which pemnits molten 
matrix metal to spontaneously infiltrate the prefbnnn 
when the prefomn is placed into the molten matrix 
metal. The preform may float on a surface of the 
molten matrix metal or somewhere within the rnol- 
ten matrix metal due to its natural buoyancy rela- 
tive to the molten matrix metal. Moreover, the 
prefomv may be removably attached to a floating 
means which assists the preform to float. In an 
alternative embodiment, the preform may be con- 
tacted with matrix metal prior to the matrix metal 
becoming molten, for example, the preform could 
be embedded in particles or chunks of solid matrix 
metal, and thereafter the matrix metal may become 
■molten. 

During spontaneous Infiltration of Vn& preform, 
the preform, whether or not attached to a floating 
means, may begin to at ieast partially sink into the 
pool of molten matrix metal, thereby indicating that 
infiltration has occurred. Further, it is possible that 
a preform may have negative buoyancy in the 
molten matrix metal prior to spontaneous infittra- 
■ sonr whieh^xibyaney may^eKaT9e~afigrs^d.~A«f-~ 
cordinglyrtfie preform may rise» fall or maintain its 
position wrtfiin the pool of molten matrix metal, 
thereby indicating that infiltration has occun'ed. 

It is noted that this application discusses pri- 
marily aluminum matrix metals which, at some 
point during the formation of the metal matrix com- 
posite body, are contacted with magnesium, which 
functions as the infiltration enhancer precursor, in 
the presence of nitrogen, which functions as the 
infiltrating atmosphere. Thus, the matrix 
metal/infiitration enhancer precursoryinfiltrating at- 
mosphere system of aluminum/magnesium/nitrogen 
exhibits spontaneous infiltration. However, other 
matrix metal/infiltration enhancer 

precursor/infiltrating atmosphere systems may also 
behave in a manner similar to the system 
aluminum/magnesium/nitrogen. For example, simi- 
lar spontaneous infiltration behavior has been ob- 
served in the aluminum/strontium/nitrogen system; 
the aiuminum/zinc/oxygen system; and the 
aluminum/calcium/nitrogen system. Accordingly, 
even though Vna aluminum/lnnagneslumAiitrogen 
system is discussed primarily herein, it should be 
understood that other matrix metal/infiltration en- 
hancer precursor/infiltrating atmosphere systems 
may behave in a similar manner. 

Moreover, rather than supplying an infiltration 
enhancer precursor, an infiltration enhancer may be 
supplied directiy to at least one of the preform 
and/or matrK metal and/or infiltrating atmosphere. 
Ultimately, at least during the spontaneous infiltra- 
^ tion, tie infiltration enhancer^should. be^'^ldcated'in 
at least a portion of the filler material or preforni. 

When the matrix metal comprises an aluminum 



alloy, the aluminum alloy is contacted witii a 
preform comprising a filler material (e.g., alumina 
or silicon carbide), the filler material having ad- 
mixed tiierewith, or at some point during the pro- 
s cess being exposed to, magnesium. Moreover, in 
one prefened embodiment the aluminum alloy 
and/or preform and/or filler material are contained 
in a nitrogen atmosphere for at ieast a portion of 
the process. The preform will be spontaneously 

70 infiltrated by the matrix metal and the extent or rate 
of spontaneous infiltration and fonnnation of metal 
matrix will vary witt) a given set of process con- 
ditions including, for example, the concentration of 
magnesium provided to the system (e.g., in the 

75 aluminum alloy and/or in the preform and/or in the 
infiltratirig atmosphere), the size and/or composition 
of the particles in tiie prefomn, tiie concentration of 
nitrogen in the infiltrating atmosphere, the time 
permitted for infiltration, and/or the temperature at 

20 which infiltration occurs. Spontaneous infiltration 
typically occurs to an extent sufficient to embed 
substantially completely ttie preform. 

Still furtiier, once infiltration has occurred sub- 

"~ ■■ :stantianFeornpieteiy, in sbrne c^esThe preform is~ 

25 observed to sink, at least partially, into the source 
of matrix metal alloy. In a prefen-ed embodiment 
wherein tiie preform initially floats at least partially 
on a surface of molten matrix alloy, tiie preform 
substantially completely sinks to a point which is 

30 approximately at or below the surface of tiie matrix 
metal alloy, tiiereby indicating that infiltration has 
been substantially completed.. 



as Definitions 

"Aluminum ", as used herein, means and in- 
cludes essentially pure metal (e.g., a relatively 
pure, commercially available unalloyed aluminum) 

40- or other grades of metal and metal alloys such as 
ttie commercially available metals having impurities 
and/or alloying constituents such as iron, silicon, 
copper, magnesium, manganese, chromium, zinc, 
etc., therein. An aluminum alloy for purposes of this 

45 definition is an alloy or intermetalHc compound in 
which aluminum Is ttie major constituent 

" Balance Non-Oxidizing Gas ", as used herein, 
means that any gas present in addition to the 
primary gas comprising the infiltrating abtiosphere 

50 is either an inert gas or a reducing gas which is 
substantially non-reactive with the matrix metal un- 
der the process conditions. Any oxidizing gas 
which may be present as an impurity in the gas(es) 
used should be insufficient to oxidize the matrix 

55 metal to any substantial extent under the process 
.conditions. 

" Barrier " or "barrier means ", as used herein, 
means any suitable means which interferes, inhib- 
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its, prevents or terminates the migration, move- 
ment, or the iilce, of molte'n matrix metal beyoiid a 
surface boundary of a permeable mass of filler 
material or preform, where such surface boundary 
is defined by said barrier means. Suitable barrier 5 
means may be any such material, compound, ele- 
ment, composition, or the lilce, which, under the 
process conditions, maintains some integrity and is 
not substantially volatile (i.e., the banier material 
does not volatilize to such an extent that it is to 
rendered non-functional as a barrier). 

Further, suitable "ban-ier means* includes ma- 
terials which are substantially non-wettable by the 
migrating molten matrix metal under the process 
conditions employed. A barrier of this type appears is 
to exhibit substantially little or no affinity for the 
molten matrix metal, and movement beyond the 
defined surface boundary of the mass of filler ma- 
terial or prefomi is prevented or inhibited by the 
barrier means. The barrier reduces any final ma- so 
chining or grinding that may be required and de- 
fines at least a portion of the surface of the result- 
ing metal matrix composite product The banier 
may in certain cases be permeable or porous, or 
render^ed~perm^ &y,"%r"a{aiTiiple,'ai1IKii^ 'SB' 
or puncturing the barrier, to penmit gas to contact 
the molten matrix metal. 

"Carcass " or " Carcass of Matrix Metal ", as 
used herein, refers to any oflhe original body of 
matrix metal remaining which has not been con- so 
sumed during fonnation of the metal matrix com- 
posite body, and typically, if allowed to cool, re- 
mains in at least partial contact with the metal 
matrix composite body which has been fonned. it 
should be understood that the carcass may also ss 
include a second or foreign metal therein. 

"Filter ", as used herein, is intended to include 
either single consfituents or mixtures of constitu- 
ents which are substantially non-reactive with 
and/or of limited solubility in the matrix metal and • 4o 
may tse single or multi-phase. Rllers may be pro- 
vided in a wide variety of fbnns, such as powders, 
flakes, platelets, microspheres, whislcers, bubbles, 
etc., and may be either dense or porous. "Rller" 
may also include ceramic fillers, such as alumina 4S 
or silicon carbide as fibers, chopped fibers, par- 
ticulates, whiskers, bubbles, spheres, fiber mats, or 
the like, and ceramic-coated fillers such as carbon 
fibers coated with alumina or silicon carbide to 
protect the carbon from attack, for example, by a so 
molten aluminum parent metal. Rllers may also 
include ntetals. 

"Infiltrating Atmosphere ", as used herein, 
means that atmosphere which is present which 
interacts with the matrix metal and/or prefonn (or ss 
filler material) and/or infiltration enhancer precursor 
and/or infiltration enhancer and permits of en- 
hances spontaneous infiltration of the matrix metal 



to occur. 

" Infiltration Enhancer ", as used herein, means 
a material which promotes or assists in the sponta- 
neous infiltration of a matrix metal into a filler 
material or preform. An infiltration enhancer may be 
formed from, for example, a reaction of an infiltree- 
tion enhancer precursor with an infiltrating atmo- 
sphere to form (1) a gaseous species and/or (2) a 
reaction product of the infiltration enhancer precur- 
sor and the Infiltrating atmosphere and/or (3) a 
reaction product of the Infiltration enhancer precur- 
sor and the filler material or preform. Moreover, the 
infiltration enhancer may be supplied directly to at 
least one of the prefonn. and/or matrix metal, 
and/or infiltrating atmosphere and function in a sub- 
stantially similar manner to an infiltration enhancer 
which has fonned as a reaction between an infiltra- 
tion enhancer precursor and another species. Ulti- 
mately, at least during the spontaneous infiltration 
the infiltration enhancer should be located in at 
least a portion of the filler material or preft»m to . 
achieve spontaneous infiltration. 

"Infiltraaon Enhancer Precursor " or " Precureor 
to the Infiltration Enhancer ", as used herein, means 
' ai mateflal^lch when'usedln 'combination- with -the- 
matrix metal, prefonn and/br infiltrating atmosphere 
fonns an infiifa^tion enhancer which induces or 
assists the matrix metal to spontaneously infiltrate 
the filler material or prefonn. Without wishing to be 
bound by any particular fiieory or explanation, it 
appears as though it may be necessary for the 
precursor to the infiltration enhancer to be capable 
of being positioned, located or transportable to a 
k)cation which permits the infiltrafion enhancer pre- 
cursor to interact witii tiie infiltrating atmosphere 
and/or the preform or filler material and/or metal. 
For example, in some matrix metal/infiltration en- 
hancer precursor/infiltrating atmosphere systems, it 
is desirable for the infiltration enhancer precursor to 
volatilize at, near, or in some cases, even some- 
what sbove the temperature at which the matrix 
metal becomes molten. Such volatilization may 
lead to: (1) a reaction of the infiltration enhancer 
precursor witii the infiltrating atmosphere to_ form a 
gaseous species which enhances wetting of the 
filler material or preform by the matrix metal; 
and/or <2) a reaction of the infiltration enhancer 
precursor witii tiie infiiti-ating atmosphere to form a 
solid, liquid or gaseous infiltration enhancer in at 
least a portion of the filler material or preform 
which enhances wetting; and/or (3) a reaction of the 
infiltration enhancer precursor within the filler ma- 
terial or prefonn which fonns a solid, liquid or 
gaseous infiltration enhancer in at least a portion of 
the filler material or preform which enhances wet- 
ting. 

" Matrix Mefal " of -" Matrix Metal Alloy *, as tised 
herein, means tiiat metal which is utilized to form a 
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metal matrix composite (e.g., before Infiltration) 
and/or that material which is intermingled with a 
filler material to iom a metal matrix composite 
body (e.g., after infiltration). When a specified met- 
al is mentioned as the matrix metal, It should be 
understood that such matrix metal includes that 
metal as an essentially pure metal, a commercially 
available metal having impurities and/or alloying 
constituents therein, an intermetailic compound or 
an alloy in which that metal is the major or pre- 
dominant constituent 

" Matrix Metal/Infiltration Enhancer Precursor/ 
Infiltrating Atmosphere System " or "Spontaneous 
System ", as used herein, refers to that combination 
of materials which exhibit spontaneous infiltration 
into a preform or filler material. K should be under< 
stood that wfienever vlrgules ("/") appear between 
an exemplary matrix metal, infiltration enhancer 
precursor and infiltrating atmosphere, the virgules 
are used to designate a system or combination of 
materials which, when combined in a particular 
manner, exhibits spontaneous infiltration Into a 
preform or filler material. 
•~"^ -^ Metat-ttetrix^ComposatBr y-ior"' ^MMC ^, 
herein,^ means - a material comprising a two- - or 
three-dimensionally interconnected alloy or matrix 
metal which has embedded a prefomi or filler 
material. The matrix metal may include various 
alloying elements to pn>vide specifically desired 
mechanical and physical properties in the resulting 
composite. 

A Metal "Different" from the Matrix Metal 
means a metal which does not cont^n, as a pri- 
mary constituent, the same metal as the matrix 
metal (e.g., If the primary constituent of the matrix 
metal is aluminum, the "different" metal could have 
a primary constituent of, for example, nickel). 

"Nonreactive Vessel for Houslna Matrix Metal " 
means any vessel which can house or contain 
molten matrix metal under the process conditions 
and not react with the matrix and/or the inflltratJng 
atmosphere and/or infiltration enhancer precursor in 
a manner which would be significantly detrimental 
to the spontaneous infiltration mechanism. 

"Preform" or " Permeable Prefonn ", as used 
herein, means a porous mass of filler or filler 
material which is manufactured with at least one 
surface boundary which essentially defines a 
boundary for infiltrafing matrix metal, siich mass 
retaining sufficient shape integrity and green 
strengtii to provide dimensional fidelity prior to 
being infiltrated by tiie matri); metal, the mass 
should be sufficlenfly porous to accommodate 
spontaneous Infiltration of the matrix metal 
thereinto. A preform typically comprises a bonded 
- array ^or anrangement of filler^ either homogeneous 
or heterogeneous, and may be comprised of any 
suitable matirial (e.g., ceramic and/or metal par- 



ticulates, powders, fibers, whiskers, ete.. and any 
combination thereof). A prefonn may exist either 
singulariy or as an assemblage. 

"Reservoir ", as used herein, means a separate 

5 body of matrix metal positioned relative to a mass 
of filler or a prefonn so that, when the metal is 
molten, it may flow to replenish, or in some cases 
to Initially provide and subsequently replenish, that 
portion, segment or source of matrix metal which is 

70 In contact with the filler or prefonn. 

"Spontaneous infiltration ", as used herein, 
means the Infiltration of matrix metal into the per- 
meable mass of filler or preform occurs without 
requirement for the application of pressure or vacu- 

75 um (whether externally applied or intemally cre- 
ated). 



Brief Description of the Rgures 

The following Rgures are provided to assist in 
understending the invention, but are not intended to 
limit the scope of ttie invention. Similar reference 

numerals have beeh used~wlTefsvsr|S5§§iBi5rifr 

25 each of the Rgures to denote like components, 
wherein: 

figure 1 shows a cross-section of a reusable 
mold for making a preform for use in accordance 
witii the present invention; 

so Figure 2 shows a preform for use In accor- 

dance with the present invention; 

Rgure 3 shows the preform afloat in a pool 
of molten matrix metal In accordance witti the 
present invention; 

35 Figure 4 shows a metel matrix composite 

body afloat in the molten matrix metal pool; 

. Rgure 5 shows a consumable mold and a 
preform in accordance witii a furUier embodiment 
of tile present invention; 

40 Rgure 6 shows consumable molds sunmind- 

ed by matrix metal Ingots in a nonreactive vessel 
for housing matrix metal in accordance witii Exam- 
ple 1; 

Rgure 7 illustrates a schematic crass-seo- 
45 tional view of the lay-up and apparatus for sponta- 
neously infiltrating a body by flotation in molten 
matrix metel in accordance with Example 2; and 

Figure 8 illustrates a schematic cross-sec- 
tional view of the lay-up and apparatus for sponte- 
50 neously infilh-ating a body by flotation in molten 
matiix metal in accordance witii Example 3. 



Deteiled Description of the Invention and Prefen-ed 
55 Embodiments 

The present invention relates to forming a met- 
al matrix composite body by placing a prefonn tiiat 
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floats adjacent to or on a surface of a pool of 
molten matrix metal or somewhere within the mol- 
ten matrix metal pool and spontaneously infiltrating 
the preform with the molten matrix metal to a 
desired extent. In order to effect spontaneous in- 5 
filtration of the matrix metal into tfie preform, an 
infiltration enhancer should be provided to the 
spontaneous system. An infiltration enhancer could 
be formed from an infiltration enhancer precursor 
which could be provided (1) in the matrix metal; io 
and/or (2) in the prefonm; and/or (3) from the infil- 
trating atmosphere and/or (4) from an external 
source into the spontaneous system. Moreover, 
rather than supplying an infiltration enhancer pre- 
cursor, an infiltration enhancer may be supplied 75 
directly to at least one of the preform, and/or matrix 
metal, and/or infiltrating atmosphere. Ultimately, at 
least during the spontaneous Infiltration, Vne infiltra- 
tion enhancer should be located in at least a por- 
tion of the filler material or preform. 20 

In accordance with the invention, a preform 
may be formed by isuitably molding a mass of a 
filler material within a mold, as shown in Rgure 1 . 
For exa mple, the fi ller may comprise a mixture of a 
ceramic materiaf such as silicon cirBldi'i^ other as" 
suiteble filler as discussed in detail below). The 
filler may be packed into a cavity (1) in a mold (2) 
in an amount consistent with the properties desired 
for the finished metal matrix composite body. The 
filler is then preferably converted to a preform (e.g., 30 
a rigidized body that retains shape integrity and 
green strength, under process conditions). The 
preform may contain an infiltration enhancer pre- 
cursor, such as magnesium which may be con- 
verted to an Infiltration enhancer during processing, ss 
Alternatively, an infiltration enhancer may be 
fbmned in the preform before inimersion in the 
molten matrix metal. For example, magnesium as 
an infiltration enhancer precursor may be converted 
to magnesium nitride as an infiltration enhancer in -40 
the presence of nitrogen to form a preform having 
infiltration enhancer fbrmed therein. As yet another 
alternative, the prefomi may contain no infiltrating 
enhancer or infiltrating enhancer precursor, in 
which case an inflttration enhancer must be sup- 4S 
plied or fbrmed elsewhere in the spontaneous sys- 
tem. 

The preform (3) may then be removed from the 
mold (2), as illustrated in Rgure 2. thereby allowing 
the reuse of the mold (2) which may be fonned of so 
any suitable material, such as plaster of Paris or 
silicone aibber. that provides shape fidelity for the 
filler. Conventional split molds, mult'-piece molds, 
investment shell molds and the like are suitable for 
this purpose. Alternatively, the prefonn (3) may 55 
remain in a mold^ made, for example, from metal 
foil that may be consumed during subsequent pro- 
cessing steps, in any event, the preform (3) should 



be suitably handled to prevent degradation of the 
infiltration enhancer by Iceeping the preform in an 
infiltrating or inert atmosphere and to prevent other 
physical damage before the formation of the metal 
matrix composite body is complete. 

As shown in Figure 3. the preform (3) may then 
be placed into contact with a pool (4) of molten 
matrix metal that is retained in a suitable refractory 
container (5). Spontaneous infiltration of the 
preform by the matrix metal into at least a portion 
of the preform (3) produces a metal matrix com- 
posite body (6) in that portion of the preform (4) 
which has been infiltrated. The preform (3) may be 
introduced to the pool (4) of molten matrix metal by 
simply placing the preform (3) on the surface of the 
molten metal pool (4). Alternatively, the preform (3) 
may be placed in a suitsdile crucible or other 
nonreactive container for housing matrix metal, sur- 
rounded by a quantity of matrix metal ingots, and 
heated to meit tiie matrix metal around the 
preform. Introduction of preforms to an existing 
pool of matrix metal can provide faster production 
of finished metal matrix composites because no 
time is needed to melt the matrix metal. Pre- 
"heating the pi^1fhsliiay'6e''9esirab|e. Hffw^'vsr,'^ 
avoid thermal shock and resultant cracking or deg- 
radation of the preform. 

It will be understood that for a prefonn initially 
comprising a ceramic material and infiltration en- 
hancer precursor, at least some of the infiltration 
enhancer precursor should be converted to infiltra- 
tion enhancer. This conversion can be performed 
as the preform and matrix metal ingots are heated 
by, for example, exposing the preform to an infil- 
trating atmosphere during heating. 

in a preferred embodiment it is possible that 
tiie infiltration enhancer precui^or can be at least 
partially reacfad witii tiie infiltrating atmosphere 
such that Infiltration enhancer can be fonned in at 
least a portion of the preform prior to or substan- 
tially simultaneous with contacting tiie prefomn with 
the molten mablx metal (e.g., if magnesium was 
the infiltration enhancer precursor and niti'ogen was 
the infiltrating atmosphere, the infiltration enhancer 
could be magnesium nitride which wouki be lo- 
cated in at least a portion of the preform). Alter- 
natively, an infiltrating atmosphere (e.g., nitrogen 
gas in the aluminum/magnesium/nitrogen system) 
can be bubbled into the molten mab'ix metal to 
contact the prefonm and react with tiie infittration 
enhancer precursor to fomi tiie infiltration entiancer 
after immersion in the matrix metal batii. IMoreover, 
the preform can be exposed to the infiltrating at- 
mosphere as it floats upon the surface of the 
molten matrix metal, tiiereby converting infiltration 
enhancer precursor to infiltration enhancer. 
' ~An example of a matrix metal/infiltratidn ehTian- 
. cer precursor/infiltrating atmosphere system is the 
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aluminum/magnesium/nitrogen system. Specifically, 
an aluminum matrix metal can be contained within 
a suitable refractory vessel which, under the pro- 
cess conditions, does not react with the aluminum 
matrix metal when the aluminum is made molten. A s 
preform can then be contacted with the molten 
aluminum matrix metai. The prefonn may float ad- 
jacent to or on a surface of the molten matrix 
metal, or somewhere within the molten matrix met- 
al, or even sink to the bottom of the molten matrix io 
metal, due to its natural buoyancy relative to the 
molten matrix metal. Moreover, the prefonn may 
be removably attached to a floating means which 
assists or causes the preform to float The floating 
means would comprise any suitable material which 75 
is nonreactive with the spontaneous system and is 
sufficiently positively or negatively buoyant In mol- 
ten matrix metal to counteract to a desired extent 
ariy negative or positive buoyancy of a preform or 
metal matrbc composite body. Still further, the so 
preform may be contacted with matrix metal prior 
to the matrix metal becoming molten, or the 
preform may be embedded with particles or 
xhunteTrfssoHd'-matrix'TriBtalrmjereaftsrrthrn^^ — 
metal would be-heated-to render- it molten. . . 25 

During infiltration of the prefonn, the preform, 
whether attached to a floating means or not, may 
begin to sink at least partially into the pool of 
motten matrix metal, thus indicating that infittration 
has occunred. as shown in Figure 4. It will be so 
understood that such sinking would occur accord- 
ing to the change in buoyancy of the preform as 
the extent of matrix metal infiltration into the 
preform progresses. Thus, according to the relative 
buoyancy of the body before and after infiltration, 35 
the body may rise, sink, or change its position 
within the molten matrix metal batii after infiltration 
is complete. 

Under the conditions employed in the method 
of the present invention, in the case of an 40 
aluminum/imagneslum/nftrogen spontaneous infiltra- 
tion system, the preform' may be sufficiently per- 
meable to permit the nitrogen-containing gas to 
penetrate or pemneate the preform and contact the 
molten matrix metel. Moreover, the permeable 45 
preform can accommodate infiltration of the molten 
matrix metal, thereby causing the nitrogen- perme- 
ated preform to be infiltrated spontaneously witii 
motten matrix metal to form a metal matrix com- 
posite body. The extent of spontaneous infiltration so 
and formation of the metal matrix composite will 
vary wtth a given set of process conditions, includ- 
ing the magnesium content of the aluminum matrix 
metal alloy and/or the preform, the amount of mag- 
nesium nitride in the preform and/or the aluminum 55 
•^matrix metal, the > presence of additionat iatloying~ 
elements (e.g., silicon, iron, copper, manganese, 
chromium, zinc, and the like), the average size 



(e.g., particle diameter) of the filler material com- 
prising the preform, the surface condition and type 
of filler material, the nitrogen concentration of the 
Infiltrating atmosphere, the time pemfiitted for in- 
filtration and the temperature at which infiltration 
occurs. 

For example, for infiltration of the molten alu- 
minum matrix metal to occur spontaneously, the 
aluminum matrix metal can be alloyed viiih at least 
about 1 percent by weight, and preferably at least 
about 3 percent by weight, magnesium (which 
functions as the infiltration enhancer precursor), 
based on alloy weight. Auxiliary alloying elements, 
as discussed above, may also be included in the 
matrix metal to tailor specific properties thereof. 
Additionally, tiie auxiliary alloying elemente may 
affect the minimum amount of magnesium required 
in tiie aluminum matrix metal to result in sponta- 
neous infiltration of tiie filler material or preform. 
Inclusion of sufficient magnesium andA)r magrie- 
sium nitride in the aluminum matrix metal obviates 
any need for a separate provision of magnesium or 
niagnesium nitride in the preform or in the infiltrat- 

^ing-TaamospnerB.^" 

Ijoss of magnesium from ihei spontaneous sys- 
tem due to, for example, volatilization should be 
avoided to the extent tiiat some magnesium re- 
mains to form infiltaBtion enhancer. Thus, it is desir- 
able to utilize a sufficient amount of initial alloying 
elements In tiie matrix metal to assure that sponta- 
neous infittration will not be adversely affected by 
volatilization. Furttier, the presence of magnesium 
in botii the prefbrm and matatc metel or the 
prefomn alone may result in a reduction in the 
required amount of magnesium needed to achieve 
spontaneous infiltration (discussed in greater detail 
later herein). The volume percent of nitrogen In the 
nitaiogen infilbrating atmosphere also affecte forma- 
tion rates of tiie metal matrix composite body. 
Specifically, if less tiian about 10 volume percent 
of nitit)gen is preisent in the atmosphere, very slow 
or little spontaneous infiltration will occur, tt has 
been discovered that it is preferable for at least 
about 50 volume percent of nitrogen to be present 
in ttie atmosphere, thereby resulting in, for exam- 
ple, a much more rapid rate of infiltration. The 
infiltrating atmosphere (e.g., a nitrogen-containing 
gas) can be supplied directiy to the filler material 
or preform and/or matrix metel, or it may be pro- 
duced or result from a decomposition of a material. 

The minimum magnesium content required for 
tiie molten matrix metai to infiltrate a preform or 
filler material depends on one or more variables 
such as the processing temperature, time, the 
presence of auxiliary alloying elements such as 
silicon or zinc, ^he' nature of the 'filler materl^r or 
prefonn, the location of the magnesium in one or 
more components of tiie spontaneous systeni, and 
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thd nitrogen content of the atmosphere. Lower tem- 
peratures or shorter heating times can be used to 
obtain complete infiltration as the magnesium con- 
tent of the matrix metai and/or preform is in- 
creased. Also, fOr a given magnesium content the 
addition of certain auxiliary alloying elements such 
as zinc permits the use of lower temperatures. For 
example, a magnesium content of the matrix metai 
at the lower end of the operable range, e.g., from 
about 1 to 3 weight percent, may be used in 
conjunction with at least one of the following: an 
above-minimum processing temperature, a high ni- 
trogen concentration, or one or more awdliary al- 
loying elements. When no magnesium is added to 
the preform, matrix metal alloys containing from 
about 3 to 5 weight percent magnesium are pre- 
ferred on the basis of their general utility over a 
wide variety of process conditions, wHh at least 
about 5 percent being preferred when lower tem- 
peratures and shorter times are employed. Magne- 
sium contents in excess of about 10 percent by 
weight of the aluminum alloy may be employed to 
moderate the temperature conditions required for 
infiltration. 



The magnesium content may be reduced when 
used in cbhJuncUon with ian auxiliary alloying ele- 
ment but these elements serve an auxiliary func- 
tion only and are used together with at least the 
alxjve-specified minimum amount of magnesium. 
For example, there was substantially no infiltration 
of nominally pure aluminum alloyed only with 10 
percent silicon at 1000* 0 into a bedding of 500 
mesh. 39 Crystolon (99 percent pure silicon car- 
bide from Norton Co.). However, in the presence of 
magnesium, silicon has been found to promote the 
infiltration process. In addition, the amount of mag- 
nesium varies if it is supplied exclusively to the 
prefonr) or filler material. 

It has been discovered that spontaneous in- 
filtration will occur with a lesser weight percent of 
magnesium supplied to the system when at least 
some of the total amount of magnesium supplied is 
placed in the preform or filler material. K may be 
desirable for a lesser amount of magnesium to be 
provided in order to prevent the formation of un- 
desirable intermetallics in the metal matrix compos- 
its body. In the case of a silicon carbide preform 
contacted with an aluminum matrix metal, it has 
been discovered that the preform containing at 
least about 1 percent by weight magnesium and 
being in the presence of a substantially pure nitro- 
gen atmosphere is spontaneously infiltrated by the 
matrix metal. In the case of an alumina preform, 
the amount of magnesium required to achieve ac- 
ceptable spontaneous infiltration is slightly higher. 
Specificallyi H hM been found ^ ft^ an alumina 
prefonn, when contacted with a similar aluminum 
matrix metal at aiaout the same temperature as the 



aluminum that infiltrated into the silicon carbide 
prefonm and in the presence of the same nitrogen 
atmosphere, may require at least about 3 percent 
by weight magnesium to achieve similar sponta- 

s neous infiltration. 

It is also noted that it is possible to supply to 
the spontaneous system infiltration enhancer pre- 
cursor and/or infiltration enhancer on a surface of 
the alloy and/or on a surface of the prefonn or filler 

10 material and/or within the preform or filler material 
prior to infiltrating the matrix metal into the filler 
material or preform (i.e., it may not be necessary 
for the infiltration enhancer or infiltration enhancer 
precursor to be alloyed with the matrix me^, but 

IS rather, simply for one or the other or both of thern 
to be supplied to the spontaneous system). If the 
magnesium was applied to a surface of the matrix 
rnetal It may be prefdn«d that said surface should 
be tiie surface which Is closest to, or preferably in 

20 contact with, the penmeabie mass of filler material 
or vice versa, or that such magnesium should be 
mixed into at least a portion of the prefomn or filler 
material. Still further, it is possible that some com- 
bination of surface application, alloying and place- 
~25 iriiSrormapeaum a jjortidh of ' W 

preform could be used. Such combinationi of apply- 
ing infiltrafion enhancer(is) and/or infiltration enhan- 
cer precursor's) could result in a decrease in the 
total weight percent of magnesium needed to pro- 

90 mote infiltration of the matrix aluminum metal into 
the preform, as well as achieving lower tempera- 
tures at which infiltration can occur. IWoreover. the 
amount of undesirable intermetallics fonned due to 
the presence of magnesium could also be mini- 

35 mized. 

The use of one or more auxiliary alloying ele- 
ments and the concentration of nitrogen in the 
surrounding gas also affects the extent of nitriding 
of the matrix metal at a given temperature. For 

40 example, auxiliary alloying elements such as zinc 
or iron included in tfie alloy, or placed on a surface 
of the alloy, may be used to reduce the infiltrafion 
temperature and thereby decrease the amount of 
nitride formation, whereas increasing the cCncen- 

45 tratlpn of nitrogen in the gas may be used to 
promote nitride formation. 

The concentration of magnesium in the alloy, 
and/or placed onto a surface of the alloy, and/or 
combined in the filler or preform material, also 

50 tends to affect the extent of infiltrafion at a given 
temperature. Consequently, in some cases where 
little or no magnesium is contacted directly with the 
prefonn or filler material. It may be prefened that at 
least about three weight percent magnesium be 

55 included in the matrix metal alloy. Alloy contents of 
less than this amount, such as one weight percent 
' magnesiiimV may r^^^ procei^ terfiperaf 

tures or an auxiliary alloying element for infiltration. 
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the temperature required to effect the spontaneous 
infiltration process of this invention may be lower: 
(1) when the magnesium content of the alloy alone 
Is increased, e.g.. to at least about 5 weight pei^ 
cent; and/or (2) when alloying constituents are 
mixed with the permeable mass of filler material or 
prefonn; and/or (3) when another element such as 
zinc or Iron is present in the aluminum alloy. The 
temperature also may vary with different filler ma- 
terials. In general, spontaneous and progressive 
infiltration will occur at a process temperature of at 
least about 675* C, and preferably a process tem- 
perature of at least about 750* C-800* C. Tempera- 
tures generally in excess of 1200* C do not appear 
to benefit the process, and a particularly useful 
temperature range has been found to be from 
about 675* C to about 1200* C. However, as a 
general rule, the spontaneous infiltration tempera- 
ture is a temperature which is above the melting 
poirit of the matrix metal but below the volatilization 
temperature of the matrix metal. Moreover, the 
spontaneous infiltration temperature should be be- 
low the melting point of the filler material. Still 
[uiUieir<s>s> lBmp0ratore"1s"iiicreased;''U'ie "teiuidflicy 
to fbnm 8' reaction product between the matrix 
metal and infiltrating atmosphere increases (e.g., in 
the case of aluminum matrix metal and a nitrogen 
infiltrating atmosphere, aluminum nitride may be 
fonnned). Such reaction product may b& desirabte 
or undesirable based upon the intended application 
of the metal matrix composite body. Additionally, 
electric resistance heating is typically used to 
achieve the infiltrating temperatures. Hoyvever, any 
heating means which can cause the matrix metal to 
become molten and does not adversely affect 
spontaneous infiltration, is acceptable for use with 
the invention. 

In the present method, for example, a per^ 
meable preform including an infiltration enhancer 
precursor and/or an infiltration enhancer may be 
placed into contact with molten matrix metel (e.g., 
aluminum) in the presence of an infiltrating at* 
mosphere (e.g., a nitrogen-containing gas) main- 
tained for the entire time required to achieve in- 
filtration. This is accomplished by maintaining a 
continuous flow of gas into contact with the prefonn 
and molten aluminum matrix metal. Although the 
flow rate of the nitrogen-conteining gas is not criti- 
cal, it is preferred that the flow rate be sufficient to 
compensate for any nitrogen lost from the atmo- 
sphere due to nitride fomnation in the alloy matrix, 
and also to prevent or inhibit. the incursion of air 
which can have an oxidizing effect on the molten 
metal and/or the infiltration enhancer and/or the 
infiltration enhancer precursor. 
~ "The' present' method -of forming a- metal matrix 
composite is applicable to a wide variety of filler 
materials, and the choice of filler materials will 



depend on such fectors as the matrix metal alloy, 
the process conditions, the reactivity of the molten 
matrix metel alloy with the filler material, and the 
properties sought for the final metal matrix com- 
5 posite product. For example, when aluminum is the 
matrix metal, suitable filler materials include (a) 
oxides, e.g., alumina; (b) carbides, e.g., silicon car- 
bide; (c) borides, e.g., aluminum dodecaboride, and 
(d) nitrides, e.g., aluminum nitride. If there is a 

10 tendency for the filler material to react with the 
molten aluminum matrix metal, this might be ac- 
commodated by minimizing the infiltration time and 
temperature or by providing a non-reactive coating 
on the filler. The filler material may comprise a 

75 substrate, such as carbon or other non-ceramic 
material, bearing a ceramic coating to protect the 
substrate from attacit or degradation. Suiteble ce- 
ramic coatings include oxides, carbides, borides 
and nitrides. Ceramics which are preferred for use 

so in the present method include alumina and silicon 
carbide in the fomi of particles, platelets, whiskers 
and fibers. The fibers can be discontinuous On 
chopped form) or in the from of continuous fila- 
ineiilii, sudi as~iiiultifilament 'tows. Purih@r;"the 

25 ceramic mass or preform, may be homogeneous or 
heterogeneous. 

It also has been discovered that certain filler 
materials exhibit enhanced infiltration relative to 
filler materials by having a similar chemical com- 

30 position. For ^cample, crushed alumina bodies 
made by the metiiod disclosed in U.S. Patent No. 
4,713,360, entiUed "Novel Ceramic tvlaterials and 
Mettiods of Making Same", whtoh issued on De- 
cember 15, 1987, in the names of Marc S. Newkirk 

35 et al., exhibit desirable infiltration properties relative 
to commercially available alumina products. More- 
over, cmshed alumina bodies made by tiie metiiod 
disctosed in Copending and Commonly Owned Ap- 
plication Serial No. 819,397, entitied "Composite 

40 Ceramic Articles and Metiiods of Making Same", in 
the names of Marc S. Newkirk et al., also exhibit 
desirable infiltration properties relative to commer- 
cially available alumina products. The subject mat- 
ter of each of the issued Patent and Copending 

45 Patent Application is herein expressly incorporated 
by reference. Thus, it has been discovered tiiat 
complete infiltration of a permeable mass of ce- 
ramic material can occur at lower infiltration tem- 
peratures and/or tower infiltrafion times by utilizing 

so a crushed or comminuted body produced by tiie 
metiiod of tiie aforementioned U.S. Patent and 
Patent Application. 

The size and shape of the fiHer material can be 
any that may be required to achieve the properties 

55 desired in tiie composite. Thus, tiie material may 
be inrttie form of particieisf. whiskers, plateTetS" or 
fibers since infiltration is not restricted by tiie 
shape of ttte filler material. Ottier shapes such as 
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spheres, tubules, pellets, refractory fiber cloth, and 
the like may bis employed. In addition, the size of 
the material does not limit infiltration, although a 
higher temperature or longer time period may be 
needed for complete infiltration of a mass of small* 
er particles than for larger particles. Further, it is 
sufficient that the mass of filler material, when 
shaped into a preform, be pemneable, i.e., per- 
meable at least to the molten matrix metal, and 
possibly to the infiltrating atmosphere). 

The method of forming metal matrix compos- 
ites according to Ihe present invention, not being 
dependent on the use of pressure to force or 
squeeze molten metal matrix into a prefbmfi or a 
mass of filler material, permits the production of 
substantially unifomi matrix metal composites hav- 
ing a high volume fraction of filler material and low 
porosity. Higher volume, fractions of filler material 
may be achieved by using a lower porosity initial 
mass of filler material. Higher volume fractions also 
may be achieved if 0ie mass of filler is compacted 
or' otherwise densified provided that the mass is 
not converted into either a compact with close cell 
porosit y or into a fully dense structure that would 
IprevSinnifilifcraBion 

It has been observed fiiat for aluminum infiltra- 
tion and matrix formation around a ceramic filler, 
wetting of the ceramic filler by the aluminum matrix 
metal may be an Important pait of the infiltration 
mechanlsrh. At low processing temperatures, a 
negligible or minimal amount of metal nitriding oc- 
curs resulting in a minimal discontinuous phase of 
aluminum nitride dispersed in the metal matrix. 
However, as the upper end of the temperature 
range is approached, nitration of the metal is more 
likely to occur. Thus, the amount of the nitride 
phase in the metal matrix can be controlled by 
varying the processing temperature at which in- 
filtration occurs. The specific process temperature 
at which nitride formation becomes more pro- 
nounced also varies with such factors as ttie matrix 
aluminum alloy used and its quantity relative to ttie 
volume of filler or preform, the filler material to be 
infiltrated, and the nitrogen concentration of the 
infiltrating atmosphere. Ftor example, the extent of 
aluminum nitride formation at a given process tem- 
perature is believed to increase as the ability of the 
alloy to wet the ceramic filler decreases and as the 
nitrogen concentration of the atmosphere in- 
creases. 

It is therefore possible to tailor the constituency 
of the metal matroc during .fomnation of the matrix 
metal composite to impart certain characteristics to 
the resulting product For a given system, tlie pro- 
cess conditions can be selected to control the 
nitride formation. A composite product coijt^ining 
an aluminum nitride phase will exhibit certstfn prop- 
erties which can be favorable to, or improve the 



perfomnance of, the product. Further, the tempera- 
ture range for spontaneous infiltration with sn alu- 
minum alloy may vary with the ceramic material 
used. In the case of alumina as the filler material, 

s the temperature for infiltration should preferably not 
exceed about 1000'C if it is desired that the 
ductility of the matrix be not reduced by the signifi- 
cant formation of nitride. However, temperatures 
exceeding 1000*0 may be employed if it is de- 

70 sired to produce a composite with a less ductile 
and stiffer matrbc. To infiltrate silicon carbide, high- 
er temperatures of about 1200* C may be em<- 
ployed since the aluminum alloy nitrides to a lesser 
extent relative to the use of alumina as filler, vtrhen 

75 silicon carbide is employed as a filler material. 

Moreover, it is possible to use a reservoir of 
matilx metal to assure complete infiHration of tiie 
filler material and/or. to supply a second metel 
which has a different composition from the first 

20 source of matrix metal. Specifically, in some cases 
it may be desirable to utilize a matrix metal in ^e 
reservoir which differs in composition from the first 
source of matrix metal. For example, if an alu- 
minum alloy is used as the first source of rhatrix 
mgBBrtiSfn^iffiiaily any' oaiermetal or metal-alioy- 
which was moHen at the processing temperabire 
dould be used as the resen/oir metal. In accor- 
dance with tile present invention, a preform under- 
going spontaneous infiitraUon, i.e., a preform that is 

30 partially infiltrated by a first matrix metal, could be 
induced by a gas stream or otiier mechanism to 
float into a reservoir area comprising a second 
matrix metal. In addition, molten metals frequentiy 
are very miscible with each other which would 

35 result in the reservoir metal mixing with the first 
source of matrix metal so long as an adequate 
amount of time is given for the mixing to occur. 
Thus, by using a reservoir metal which is different 
in composition than the first source of matrix metal, 

40 it is possible to tailor tiie properties of the- metal 
matrix to meet various operating requiremente and 
thus tailor the properties of the metal matrix com- 
posite. 

it will be understood that a barrier means may 
45 also be utilized In combination with the present 
invention. Specifically, tiie barrier means for use 
witti tills invention may be any suitable means 
which interferes, inhibits, prevents or terminates the 
migration, movement, or ihe like, of molten matrbc 
50 alloy (e.g., an aluminum alloy) beyond the defined 
surface boundary of tiie filler material or preform. 
Suitable banier means may be any material, com- 
pound, element composition, or the like, which, 
under the process conditions of this invention, 
55 maintains some integrity, is not volatile and prefer- 
ably is permeable to the gas used with the process 
as well as being capable of locally ihhlbitirig, stop- 
ping. Interfering witii, preventing, or the like, contin- 
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ued infiltrafion or any other kind of movement be- 
yond the defined surface boundary of the ceramic 
filler. 

Suitable barrier means includes materials such 
as graphite and alumina which are substantially 
non-wetfable by the infiltrating molten matrix metal 
alloy under the process conditions employed. A 
barrier of this type exhibits little or no affinity for 
the molten matrix metal alloy, and movement be- 
yond the defined surface boundary of the filler 
material or preform is prevented or inhibited by the 
barrier means. The barrier reduces any final ma- 
chining or grinding that may be required of the 
metal matrix composite product, and can provide 
additional structural integrity to the preform and the 
metal matrbc composite. In addition, the banler 
means may be suitably shaped to pemiit grasping 
of the composite and its removal from the pool of 
matrix metal. As stated above, the banler may be 
permeable or porous, or rendered permeable by 
puncturing, to permit the infiltrating atmosphere to 
contact the molten matrix metal alloy and the 
preform containing an infiltration enhancer precur- 



; - Suitable, barriers partlcularly useful, for .alumi- 
num matrix alloys are those containing carbon, 
especially the crystalline allotropic form of carbon 
known as graphite. Graphite is essentially non- 
wettable by the molten aluminum altoy under the 
described process conditions. A particular pre- 
ferred graphite is a graphite tape product that is 
sold under the trademark Grafoil®, registered to 
Union Carbide. This graphite tape exhibits sealing 
characteristics that prevent the migration of molten 
aluminum alloy beyond the defined surface bound- 
ary of the filler material. This graphite tape is also 
resistant to heat and is chemically inert Grafbll® 
graphite material is flexible, compatible, confonn- 
able and resilient. It can be made into a. variety of 
shapes to fit any barrier application. However, 
graphite barrier means may be employed as a 
slurry or paste or even as a paint film around and 
on the boundary of the filler material or preform. 
Grafoil® is particulariy preferred because it is in 
the form of a flexible graphite sheet In use, this 
paper-like graphite is simply formed around the 
filler material or preform. 

Other preferred barrier(s) for aluminum metal 
matrix alloys in nitrogen are the transition metal 
borides (e.g., titanium diboride (TiB2)) which are 
generally non-wettabie by the molten aluminum 
metal alloy under certain of the process conditions 
employed using this material. With a barrier of this 
type, the process temperature should not exceed 
about 875* C, for otherwise the banier material 
» becomes- less -efficacious and, in factr with in- 
creased temperature infiltration into the ban-ier will 
occur. The transition metal borides are typically 



available in a particulate fbmi (1-30 microns). The 
bam'er materials may be applied as a slurry or 
paste to the boundaries of the permeable mass of 
ceramic filler material which preferably is preshap- 

5 ed as a preform. 

Other useful barriers for aluminum metal matrix 
alloys in nitrogen include low-volatile organic com- 
pounds applied as a film or layer onto the external 
surface of the filler material or preform. Upon firing 

70 in nitrogen, especially at the process conditions of 
this invention, the organic compound decomposes 
leaving a. carbon soot film. The organic compound 
may be applied by conventional means such as 
painting, spraying, dipping, etc. 

75 Moreover, other finely ground particulate ma- 
terials can function as a banler so long as infiltra- 
tion of the particulate material would occur at a rate 
which is slower than tiie rate of infiltratibn of the 
filler material 

20 Thus, the barrier means may be applied by 
any suitable means, such as by covering the de- 
fined surfoce boundary with a layer of the barrier 
means. Such a layer of barrier means may be 
~--"'applied~H>y -painting,— tltppifigr --silk~-"^ 

2s evaporating, or- otherwise, applying the ttarrier 
means in liquid, siunv, or paste forni, or by sput- 
tering a vaporizable ban-ier means, or by simply 
depositing a layer of a solid particulate barrier 
means, or by applying a solid thin sheet or film of 

30 barrier means onto the defined surface boundary. 
WiUi the ban-ier means in place, spontaneous in- 
filtration substantially terminates when Uie infiltrat- 
ing mabix metai reaches the defined surfece 
boundary and contacts tiie barrier means. Barriers ' 

35 may thus be used in connection witti tiie preforms 
of ttie present invention to control infiltration such 
that net or near net shapes are achieved upon 
Infiltration of the floated prefonn. 

Various demonstrations of tiie present invention 

40 are included in the Examples immediately follow- 
ing. However, these Examples should be consid- 
ered as being illustrative and should not be con- 
strued as limiting the scope of the invention as 
defined in the appended ciaJms. 

45 

Example 1 

A filler material was prepared by mixing 1000 
60 grit silicon cariside powder (39 Crystolon from Nor- 
ton Co.) with about 2.5 weight percent of 325 mesh 
magnesium powder (available from Johnson 
Matiiey Co.). To obtain uniform mixing, tiiese pow- 
ders were placed in a sealed container and tum- 
55 bled in a ball mill for approximately 12 hours. The 
:ball mill provided only unifonir mixing; no grinding 
or deformation of the powders was attempted or 
achieved. 
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Referring to Figure 5, the filler was hand- 
packed as much as possible into a mold (2) con- 
sisting of a copper tube which served to shape the- 
filler. The walls of the copper tube (2) (available 
from General Copper Co) were approximately 0.8 5 
millimeters thicic, and the tube was a bell-shaped 
form 3.8 centimeters long and 2.5 centimeters wide 
at its wider end. The wider end of the tube (2) was 
left uncovered while the narrower ends were closed 
with aluminum foil to prevent escape of the filler io 
during pacl<ing. 

Two such filled molds (2-1), (2-2) were then 
placed in a nonreactlve vessel (5) containing a 
number of ingots (7) of an aluminum alloy as 
illustrated in Figure 6. The vessel (5) consisted of a is 
welded 300-series stainless steel box lined with two 
layers of a graphite foil (e.g., Permafoil®. available 
from T.T. America Co.) of about 0.25 millimeter 
thickness to make the vessel reusable. The com- 
position of the alloy was about 85 weight percent zo 
aluminum, 12 weight percent silicon and 3 weight 
percent magnesium, (AI-12Si-3Mg), and the ingots 

(7) were arranged so that they surrounded the 
tubes (2-1) and (2-2) in 1li©.vesselJ5). One of the 
moids (2-1) was dispc^d near the 'bottom of""Bie 'is 
vessel, while the other moid (2-2) was dispdised ' 
near the top. The vessel (5) was then covered with 

0.7 millimeter-thick copper foil (8) (available from 
AHantic Cquipmeiit Engineering Co.) and placed in 
an electric resistance-heated furnace. The interior so 
of the vessel was then subjected to a purge of 
nitrogen gas at a flow rate of about 1.5 liters per 
minute introduced through a hole in the copper foil 

(8) . 

The furnace temperature was increased from 35 
room temperature to about 750* C over a period of 
2 to 2.5 hours, thereby rigidizing the filler material 
into preforms that would have retained their shapes 
even without the molds. The vessel and its con- 
tents were held at aboiit 750* C for approximiately 40 
2.5 hours, by the end of which lime a pool of 
aluminum alloy had formed in the vessel, the cop- 
per molds surrounding the rigidized filler had melt- 
ed and dispersed into the melted aluminum aik>y, 
and the alloy had spontaneously Infiltrated the filler 45 
to fonn metal matrix composite bodies. It will be 
noted that the filler maintained its shape even after 
consumption of the copper molds, probably as a 
result of magnesium nitride fonnatlon in the filler as 
the temperature increased (or possibly the resuK of so 
a sintering effect), and then as a result of the high 
proportion of filler in the metal matrix composite 
body. 

At the end of the 2.5 hour period, the metal 
matrix composite bodies were naturally- buoyant in 55 
the poQl at 3 to .5 centimeters below the surface of 
the pool. The mold (2-2) that was located near the 
lop of the vessel had floated for a time on the 



surface of the pool, and then gradually sank into 
the pool after the mold dissolved in the pool and as 
spontaneous infiltration progressed. The moid (2-1) 
that was located at the bottom of the vessel even- 
tually dissolved and the infiltrated, rigidized 
preform rose to about the same depth within the 
pool as the prefomi (2-2) that had been located 
near the top. The metal matrix composites were 
gently scooped out of the alloy pool with a stain- 
less steel spatula and allowed to cool In the am- 
bient air of the laboratory. The resultant bodies 
were fully spontaneously infiltrated and demonstrat- 
ed good net shape characteristics. 



Example 2 

A preform comprising 500 grit silicon carbide 
powder (39 Crystolon from Norton Co.) was sedi- 
ment cast by standard techniques and prefired in 
the shape of a half piston pin. The preform of the 
half piston pin, several of which are used in internal 
combustion engines, was substantially tubular, hav- 
ing an outer diameter of about 4 millimeters, an 
■ Thnef'dfatnefefbf about 3 miHimetBrs and a length- 
of approximately 5 centimeters.' Refening to Figure 
7, the preform (2-3) was introduced to the surface 
of a |}ool (4) comprised of a mixture of a slightly 
modified 380.1 molten aluminum alloy, (from Bel- 
mont Metals) having a composition of about 7.5- 
9.5% Si, 3.(M.0% Cu, 2.9% 2n, 6.0% Fe, 0.5% Ni, 
0.35% Sn, and about 0.17-0.18% Mg to which an 
additionai 5 weight percent Mg was added at a 
temperature of about 700* 0. 

The pool (4) was contained In a nonreactlve 
container (5) which comprised a 300 series stain- 
less steel can lined with a 15^000 inch thick grade 
QTB graphite tape product, produced by Union 
Carbide and sold under the trademark Grafoil® 
(from Union Carbide). The container (5) and, thus, 
the prefbrm (2-3) and pool (4) were maintained in a 
pure nitrogen atmosphere by purging a cavity (8) 
formed between a 300 series stainless steel box (9) 
and plate (10). The nitrogen infiltrating atmosphere 
was Introduced to the cavity (8) through a stainl^ 
steel tube (11) inserted and affixed tiiroiigh a 
matching hole in the box (9). A copper gasket (12) 
was inserted between the box (9) and plate (10) to 
maintain the nitrogen atmosphere within the cavity 
(8). In addition, a quantity of titanium chips (13) 
were distributed in the cavity (8) to react with any 
oxygen or other foreign material which may con- 
taminate the infiltration enhancer and/or the matrix 
metal precursor and/or the infiltration enhancer in 
the aiuminum/magnesium/nitrogen spontaneous in- 
filtration system. 

The " reaction vessel ' corhprising the c&ntainer 
(5), box (9). and plate (10) were heated in an 
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electric resistance-heated furnace from room tem- 
perature to about 700 *C over a period of about 5 
hours to melt the matrix metal alloy. The preform 
(2-3), was placed thereafter on the surface of the 
pool (4) of molten aluminum alloy while liriefiy 6 
lifting the box (9). The temperature was then main- 
tained at about 800* C for a period of about 25 
hours, at the end of which time the box (9) was 
again lifted and the half piston pin, which had sunk 
into, the pool, was retrieved by use of a stainless io 
steel spatula. The half piston pin was then allowed 
to cool in the ambient air of the laboratory. The 
aluminum alloy had fully spontaneously infiltrated 
the preform to form a metal matrix composite body 
which showed good net shape fidelity. is 



Example 3 

Referring to Figure 8, a reaction vessel was 20 
prepared by placing a graphite-lined stainless steel 
can (5)5 embedded in a quantity of coarse-grained 
Woilastonite (14) (Myad SP, available from NYCO, 
'tnc:)- in '■an--alumina'-crBCibler't15 ) ha vi ng Q &:7%-"rr:~- 
purity. A 300 series stainless steel can (16) indud- 25 
ing stainless steel purge tube (11) was placed over 
the can (5). A pool (4) comprising a mixture of a 
molten aluminum alloy, havint the same composi- 
tion as the aluminum alloy in Example 2, was 
formed in the can (5). so 

The pool (4) was formed by heating the reac- 
tion vessel and crucible in an electric resistance- 
heated furnace while maintaining a continuous 
purge of pure nitrogen gas into the stainless steel 
can (16). The vessel was heated from room tem- as 
perature to about 800 *C over a period of about 5 
hours. When the pool (4) of alloy reached a tem- 
perature of about 700*0, the stainless steel can 
(16) was lifted, and a preform was quickly placed 
on the surface of the pool, and the stainless steel 40 
can (16) was replaced. The vessel was tfien main- 
tained at about 800 'C for a period of about 30 
hours, after which time the preform was removed 
from the pool and allowed to air cool. 

The preform comprised a simple cylindrical 45 
form approximately 1.3 centimeters in diameter by 
1.3 centimeters long of 220 grit silicon carbide (39 
Crystolon from Norton Company). The preform was 
removed at about 700* C and cooled to room tem- 
perature. Complete spontaneous infiltration was so 
achieved and good net shape characteristics were 
exhibited. 



fonning a preform fifom a permeable mass of a 
substantially nonreactive filler; 
providing a pool of molten matrix metal; 
contacting the prefomn with the pool of molten 
matrix metal; and 

spontaneously infiltrating at least a portion of the 
preform with molten matrix metal. 

2. The method of claim 1, further comprising 
the step of providing an infiltrating atmosphere, 
wherein the infiltrating atmosphere communicates 
with at least one of the preform and matrix metal 
for at least a portion of the period of Infiltration. 

3. The method of claim 2, further comprising 
the step of supplying at least one of an infiltration 
enhancer precursor and an infiltration enhancer to 
at least one of the matrix metel, the preform, and 
the Infiltrating atmosphere. 

4. The method of claim 1 , wherein the prefonn 
is formed from a permeable mass of a filler com- 
prising at least one material selected from the 
group consisting of powders, flakes, platelets, 
microspheres, whiskers, bubbles, fibers, par- 
ticulates, fiber mats, chopped fibers, spheres, pel- 

r-teteiriabuiBS;and-refractory-ciothsr-^ 

5. The method of claim 1, wherein the tem- 
perature during spontaneous infiltration is greater 
than the melting point of the matrix metal, but 
knver than the volatilization temperature of the met- 
trix metal and the melting temperature of the filler. 

6. The method of claims 1 or 3, wherein the 
prefonn is contacted with the molten matrix metal 
by placing the preform onto a surface of said pool 
of matrix metal. 

7. The method of claim 6, further comprising 
ttie step of preheating the preform. 

8. The method of claim 1, further comprising 
the steps of embedding a filler material which, 
when healed, forms a prefonn, in solid matrix met- 
al, and melting the solid matrix metal to form said 
pool of matrix tnetei. 

9. The method of claims 1, 6 or 8, further 
comprising the steps of removably attaching a 
floating means to the preform to assist the prefonn 
to float in the pool of matrix metal, and detaching 
the floating meians from the prefomn after the 
prefbmi has been spontaneously infiltrated. 

10. The method of claim 1, further comprising 
the steps of providing a second molten matrix 
metel and contacting the preform with the second 
molten matrix metal after at least a portion of the 
preform has been spontaneously infiltrated by the 
molten matrix metal. 



Claims 



1. A method for fomning a metal matrix com- 
posite, comprising: 
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